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WD 2005/ 076093 PCT/ US2005/ 002985 SYSTEM AND METHOD

FOR MANUFACTURI NG 5 CLAIM TO PRI ORI TY The present
wappsioo@abs on clainms priority to 35 U S. C. 119(®)T1/082005/002985

United States provisional patent application no.

60/ 541,572, filed February 3, 2004, the entire

di scl osure of which is incorporated herein by

reference. 10 Field of The Invention The present

invention is directed to manufacturing systens in

general, and nore specifically, to a flexible

manuf acturing platform which includes portable,

cont r ol | eYSIBMrANDVIE THOD! FOR MANTIF ACTUREN Ghavi ng

di sposabl e manuf acturing conponents, 15 automati on,

el ectronic batch control, record generation, storage

and docunentation. Background O The Invention An

axiomin the business world is that between cost,

speed and quality, maxim zing any two sacrifices the

third. Bio/chem cal /@Emﬁ&@ﬁh{anuf acturing is no
ical Ta

exception. 20 Moreover, a Cri ctor in

bi.Q- manuf act uring i.s quali.ty: .ar t en .nad
s arCpbea el PR BT Saa T T SR Sptes
provisibhAfl pafdheapBehtis: nol 86/53P8e8, fied FESR8YS DEA Ot @8isclosure of
_clinical trials and speed to market are al so
which ispagorperated hexeor by refgrercec| i ni cal ni | est ones i npacti ng
the val ue of the drug pipeline, stock values,
financing, partnering and licensing opportunities. In
addition, the high cost of drug 25 devel opnent has
Ficldb€é@he nvengiorc of i ncreasing interest within the
i ndustry and appears as part of the public concern
aletprésest ifgentivnlis Hirdodddeto GafiufactuMngyQbmt REg@eRLNSE dre
bi ophar maceuti cal manufacturing can be attributed to

specifigdly, opflexable mapsfachsmg plattogmy whichdngludgsgortable, controlled-
. i.ng: ¢ r
envirbiB AR 84 R b b O BB B Eeamponents,
autontatipaCél¢ofronivrhatichadoatrgl, ascard gdileeation, sonapoind docamgntation.
clinical WD 2005/076093 PCT/ US2005/ 002985 2 and
commercial need would greatly speed devel opnent of
drugs. However, the capital investnent required to

Back4ihdlO8 RS IvieArismNUf act uri ng capacity is too great,
especially since facilities would sit idle while

L e Y OB A, i
any two sagrificespthe thist. | Bin/cbepival/plyarmecputicd memugactiingde no exception.

Moreover, a critical factor in bio-manufacturing is quality: products, when made properly, are

life-saving, when made improperly are life-threatening.

The speed for producing drugs for clinical trials and speed to market are also
important factors, with clinical milestones impacting the value of the drug pipeline, stock |
values, financing, partnering and licensing opportunities. In addition, the high cost of drug
development has been a topic of increasing interest within the industry and appears as part of

the public concern about rising health care costs.

Much of the expense of biopharmaceutical manufacturing can be attributed to the
capital investment required to build manufacturing infrastructure for producing a particular

drug. Ideally, having manufacturing capacity immediately available to support every clinical
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5 devel opnent tinelines, dosages, market size,
clinical success and regul atory approval are all
wopesntapnt i es. Due to the foregoi ng uncert ai NPCESSENS002985
the high probability that an individual drug wl]l
fail during clinical trials, any investnment in
facili.ties.to nufacture . drugs pripr to uccessful .
and coffingreiaf negg il GRaf e L dtelibindt ab gy JFOMEYS e fpica
investrh&it réiaea YO buildléuch b GRANSENrifX DPAIASRS is 185 ghed dkpdlially since
manufacturing facility would be one that is 10

facilitiprewprald sit ydle pehilg aiting fon thepsisug ithe dgvedograsid eipeling The dilemma
) ' . oduce. .
is cof s BY B R RO R GuPty BE RS B B capPl A Bremgs.since
develsp@bntaimelines, alobages,NBarkétasidel clinicdl Quiresedldarefilatdpy apaéval are all
and i nprove upon the high level of quality required _ .
uncerfapticsy Lusre thefgergomgmpretaniesigd thedueh probebitiythat agyindividual
crug N Bt TRAE SER AR, thy pERIMAN HRER A W witubiyle Fugs prior o
succeatful ¢limidah briads dma/orfregul @ngnappegvat se kgl Asisendeavse  of
non- di sposabl e conmponents. Such conponents nust be
ClRareadcalitie expyisdsy arizieal bid/aia@0faefuring ¥4dility WD BObSe that is
) are expensive. For exanple, stainless steel vessels
inexpgpuveodyildesandiegprielvexpanded agd recenfigured ia handinsterropesses and
e. [ .
prodist Sk GRRELE NUEbuclTic SUANEK BftolipEh2 0 658 5 pibBlturing
facilisitp bk wblewa hmintaiaradd ahp@ive uperplha héghaladel 28 quality required for current
steam i n-pl ace s he fabrication and )
good Frsgn BB Brchre (aD) et rganufaiurg(¢-24 fRMaTRANCE it 21
C.F.R.baft 13ypport them is expensive and requires
considerable lead tinme to design and manufacture.

E e . ; 1 o . .
oo e AR RpSacE il BEURbOMERS fof Sk difetepsive use
of non-dispndabtpoompoaentseBugr @ogmaess anusclxnsiednet aftbiudviety use.

i nexpepsi vel nough to 25 _manufacture nultiple
Morepy 5 Hch SORPRRPNE SRS VE1 R SRAMBIe SiIeh steebyrsinls armated
extenSIQely &R hhig%ﬁfﬁnfadnﬂi 8ERkesPBLA VQbels iRdbd QRM &4 B Sainless

separated by airlocks, accessed through clean .
steel pipingito othsr uihepaatansdmidia dedbeffereupy,Agataniand pleaim-place and
steanETTRCS %ffzrlnrgl.;‘fgg Bt A gf'i"tallf)a:;]i‘c’);gfégF}lregc%%gél'%%g%l’l the utilities
that s@giolrt theth| id lefpdiisive aad esquirpsiEdrsideaiblcdBadifle tdASsignVvindal

cl earance formulation/filling processes, are all
manufAcBye-ded i n separate areas, with air 30 | ocks provided

bet ween each manufacturing space. Mreover, inside

s tiykn essuaing dbiggmanufatuag fopdityatandeduil s wswlting fasditpfs often

. er wor vidi ng _many. 0 tuni.ties for error .and
aitticft REreE Ty o Mk g7 erieh Or SRBR L Wl pilpenyel Endlugfl
manufflé hiGHISpRTIYSRNKanENIEY G the BantAARY, scfrenldtaust be replicated
) I NVENTI ON_ Enbodi nents of the present invention are
in sevgral parael cﬂqg.nmfsa@qsuﬁqpﬁ@ted by airlocks, accessed through clean corridors

* and served by dedicated HVAC units). An example of such a traditional bio-pharmaceutical

manufacturing system is shown in Fig. 3. As shown, cell culture processes, purification and
post viral clearance formulation/filling processes, are all provided in separate areas, with air-
locks provided between each manufacturing space. Moreover, inside such clean rooms,

manual operations generate reams of paperwork, providing many opportunities for error and

long QA review and batch release cycles.
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systens/ platfornms which are both flexible and

efficient for manufacturing bio 5 pharmaceuticals (for
wezaspte@ys The invention allows, for exanple, POr/US10880D2985

fernmentation and processimy equi pnent used in

conventional scale manufacturing suites, for exanple,

havi ng separate environnentally controlled clean roons

whi ch nmay now be replaced with controll ed-environnent

nodul es for one r or bi ol ogi cal
manuf act uri ng ﬁ@%ﬂ@éﬁfﬁgqﬁ%@m@iﬁﬁiﬁgﬁt ions allow
for gqe}%gr egation fromtypical sources of process 10
c imgRts h thegpresent igxension et direptad; to masw fasgiringrent
' - ' i re t al

systeRRIAAHE Wi dre b RRHRe SR LRI man ERVALARRRE O
pharmdceufidabsforsaimple) o Tte invientiordaliopvsa fod epaaplepfoe fixéd €ermentation

system acc¢ording o some enbodi ments _may, be desi gned
and PSSP AT BUBHPHE S e({)lpifgggqn’tlog%lﬁgﬁ}p p@ﬁpfactunng suites, for example,
having's&/)eﬁ& 'Thi} QRN doRol18) AePTTBRE wHiGF iy ﬁb\tv'b%q'gél&red with

| assifie 15 manufacturing space, using a plurality

contralfedeenvivenment modidessor nnelor reere(stapd of e dtugairrbiologieal manufacturing

abi it use an uncl assified.space is. due to the
procefny Birhodile ARcraB NP W HoRbenor Ramaical 1onisPy ol Bges
contalfBkH#Hof: &8¢ p&asnifl, iMfifuss eQRPmEht dnb AndHRd bR C v §drA@embodiments,
_process. Such concurrent manuf acturing activities may
envirpmueg¢nizleonwelmaypbe defmed 48 dondrolking eneonniire of pis dlows head, endd,
wel | - a | kK drug substance and drug product filling
hum%\@e?néjtqrgsﬁ%s}}éf or one or nore products. 20 Modul es,
according to o enbodi ts of the i,nvention, e
TR e ahcrIGadp FAmEaMPEO e wey Be AP EBHS Pinde Tulte
produdB Rbh@eieHf biBLEh&RVrh iRFRRAYS: thadonBSsi LBc1aRRiARb! Slh&ified)
i ndustry standard environnental quali tgmée. g., Oass
manufagpiringlspace, 16n2 e pluraliy @f cernepted pisessgoehides (@dule teaig). The
L order i.CL . 0 'S manuf ri .
ablllt)zgoolgsg S?g%m?.lﬁ%séﬁécf %g?éélg%l&? E:‘o g}%?/lét{:é#})l%& cglgt}'oli of B environment
insideothe npdalenfac end oradbrersespy b ticwidnghcORBQProdess Sacts&dtRurrent
enbodi ments of the_ 25 invention), as well as )
manufaclisiig RERYtie MY Fcludedotiinstrsrm pgd dgwngrsam bipprocsssingas well

as bulRRE S Cn S &S druggfacﬁabtgﬁ]ﬁh% ﬁgﬁf}é‘l%?rls'ﬂ)ll S d?\ﬁ%rf ?gdzaqufti

above those of nore traditi ants. Speci

t S oJ’ ' ' : ' e

IR TNCEOBPRELLS IR AR LN Al R e
qualifsddag @sovide @lf-containedonhiufacturingpaiviratunets tiat hssuke appropriate
) filling inacom{on uncl assj fi ed manufacturin
indusigy, sfandard gnyippngaratal ALty (& 8- bfasy e}, §359110.000hMaewes o be
conneefedfn ﬁﬁ@?x@bf'ﬁ Histaeti btyrﬁ:prb&ﬁé?g g’rdgtﬁ%‘agﬁ{r#g odeSy. b’f;/hdg,%g module

practical and | ess expensive stem
systerg lof hioAattarmecentieal mecl fdcturingd heardingitoploaen({toderanof the

. sterilization-i.n-place.(SIP erations, thereb

invenfor; 1 $ihis SRR H-DE BORSHOTBOSS TP GBS0t GaBeBtenm o offer

additibhA RapaBilitles BOSr 4n@-aBove HbSAFIMEBdra@RfohSISAE Siskcifically, the
requi red mani pul ati ons. The elimnation of

system supports the rapid reconfiguration and concurrent operation of multiple manufacturing

stages, e.g., from culture inoculation to bulk filling, in a common unclassified manufacturing

space.

In addition, use of disposable components in some embodiments of the invention
allows for a more practical and less expensive platform system by eliminating the need for

clean-in-place (CIP) and sterilization-in-place (SIP) operations, thereby minimizing fluid
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these required utilities is significant -- nodul es
requi re only power and/or data connections, and in
WG 0B/0CcaAseS gasses, to support manufacturing PCT/US2005/002985
operations. Sone enbodi nenté of the invention al so
utilize centralized and/or renote electronic 5
itorin ntrol ., autemation and data. recard .. . .
wansfiP Bt eietiateati b8 SpunerOp e bl PlaclififioyS  Bhe ghimination of
theseREQARADUSENS sipnifvaht Almsdudsrequify only PoweandR)r @hta connections,
Process automation may be used to reduce the nunber
and ip FOTHR PAFES SEHRS; Kt UPRart npa@gchtqrmg apgraiopseduct i on of
operator error and an increase in the operability,
efSones @nlgdiments of thehavansibh atsp Iuitiliye oﬁntnaliwhguslfoemmote electronic
Si ng, is cont ai

mom@gl&g @?rtgh&u{oglapyg gﬁes T8G9 ?)mpél}lgtbqn' qn é age tLor a manupacturmg

batch§r66eks§ RhE Akéntral BSREJIRE g@lr &mi;ﬁe)n Pr&Q@ks SiteRRtGh m\éflby 88ed to
may be attached to a nodule's wall or an interna

reduce thaveuratier ofimanpal wperationn resyltinganelreduetign bEopear ergcind an

1ncre2?s? 4 ﬂ{e ogel%%ﬁ}\éf defﬁ&eﬁ(!(}' r%?(o\fgﬂeurne’l lfﬂg l%gfr[g‘g g)ls 5%2[1 sase

hgﬁenté ??eﬁ qqggro&e%sgxggrslgecg%%fﬂ ér%gcfegefség Vm'dlul% andD 18 rg’)plcally
phys18£tmdmoﬂfchﬂﬁldﬁgrﬁte@ eHeedih aFSISex(apr?ef %ﬁﬁ@i May be attached to a

seal ably) into the interior of the nodule. 15 Sensors

moduie3ds wel) o 8@ mtﬂgal(ﬁemm plothereradale, gordrol pateds may by sepayatésband/or

e

outsidethé hodaleSoOedse BLaccBTNWRIRS 4 p@nphem)élrﬁilir }fﬂ@des@bdrhponent of the
par aneters of the og;eratl on non-vi abl e and

motova/éﬂviawlf pengirales prefepablyy ét:aéeb Ehigiacthe teriopsd ihemodie
st r SRR S AERLFoFOAGS,) Y RS SORIEA o BZboay
of a noglujrAndrcosynmingenting s ticthe t edrat obritwrlee tegprdvida s etinuous online

momtpﬁ}nge rg {%%g} Gfn T%]ﬁ E’g‘%‘h%ﬁgg&% ?)la?rﬁtr}cl)r% {er%zynotnh\%gblggn viable

particiRfdgf.act uri ng process) and allow for verification of
correct installation of disposable process
C IR 1D 'IP@anQﬁl'eQ&ad {ﬁ%gﬁ'iﬁ
and gener a?,? on of electroni %{at cﬁs@ég%?géd@%?h{?%e ggntrolled
and moprtered meingiachgadral rootndlés uaitde.gr, ebmpuatot systean assotiated soﬁware and

user ngt?:%u (léeSS;l'Lg Iﬁ%}n(agg(%ml grsntH]?S(t l?sgzlle[}geg? nr%t:lglgw thgggls/module train
(i.e., HRHAHFARUERprBEessy BAGIIoW Bt $&8idAEEn aﬂé’o&écaﬁiéﬁﬁa&&] &fdlsposable
clean, dirty, in process, assigned to a specif
proceiﬁm@wgents,én@nyorlagdawmatfqnoWosﬁsswpntr@s@d|gnnmmm%ctlwomc
nmodul es

batch ?&%rc@%f 5ﬁea$r mJ) 41&@S%l\é\ﬁ<?e&ué§asrqnp ?f{g?{)la/r an entie mod upe {Fin (eg,

a manu

the enﬁwmhmfeaunﬁ@mobws) NBorBxY¥mPR, Bie G dfalReticnla nfidleXdan be
re sensors. 30 Oxher aspects of the invention
readlly disceraed Arshiiacked (-2 -aglean, @y’ty, HhPIOResSsaspigaed et Wecififipeaeess,

etc.) aggglﬁ 54 %?gl&)‘a?stsrh?teﬁﬂ&ﬁ BBarld ik {ﬂilL rﬁg beNpé%g a?lﬁ olPdt rgodules

y nmov rom one oca ion
and/ocjaraas dfiaaatriudacturiigy fapilityomey also 68 nnitoedde Moéni@ring hay be
ag,di tjan, each nodul e may include WO 2005/ 076093

acco 6959 @rotggg%sensors.

Other aspects of the invention include module portability, which is one factor which
attributes to the systems flexibility. Modules may be easily moved from one location to the

next for qualification, setup, operation and cleaning. In addition, each module may include



5 connection ports to allow nodules to be easily

coupl ed to each other. This enables easy transfer of
wodosnta@bs bet ween unit operations, or to contBCTESB0$/G02985

enabl e transfer of materials into and out of nodul es

fromthe manufacturing space. Access to the interior,

t 0. acces ors nd ports.of a dul .
conndeioB RS By AR rop B o i Sro BrbR o St s grpbles casy
transRO 6T ateBaldtbetileeiRinitioperationd) 8r RIONEAUFE ) endbleht A stePEf materials
) modul e, Accordingly, in one enbodi nent of the
into gnf\puhef wadules FomitehimapHpeiuriag sFaget Hecqsg to thednterier, to access doors
[ t I AR Lo [ i ar
and pofiE bF ogfie AR ac BB IRIRILS AELRGIA L LBE BE RSl rpors
which fiaititding thewheirenrhidie withétifhe nigdudy. i or i ncl udes one or
nore conponents to performat |east one specific task

of A okiifd19dh Gak em&b&iieabf tha Rfl/eRfion RASBARbICRhnufacturing
manuf acturing process. The at | east one nodul e

systemrin¢ludpsat tnastamemandude kaving amintenion Fapabletafdleinggntsraomméated with
ntralljing a ' nt. wi.thin the nodule, a
anotbGERARE it An G e MBTTR inetfionafueRiorie i gftgponents o

perfoith bElehR bn¥spdtife skl a ivldiglcal, chémichl) and6OprGesdutisdl
to at | east performone or nore

controller operatin : (
manuECUEAg PARGeSh bt 7 boteemode tshudeb op eprbpaid enpgonmental control
systeTGH b8 linfan! AGrSHALR Fistil (ML 2ZBROLBR Heall £k
~present 1 nvention, a nmethod tor opérating a
intercomsdeting #elthediié opdrar wetheanbtiza modalelih@eibtiardwcaytal @mtiotler

rovided. The systemincludes at | east one dul e
operafig o4 Tefist ReTFgRT Qi o Hi5e P bORFFatsm ang 1P RITE RSy Arbiegian for the
operattbtt Bf @BQYdigH module interior, where the nodul e

interior”includes one or nore conponents to perform at

I A . i ol ogj.cals, 168l

s R oF tfePhdeef inGertloft £ichRe FRRER
customnezable biopharmahgehecal nahufiesiriag systerhdaprdvigiedi The sgstdnaincludes at

contr ol stemfor.controlling an enviropnent within
teast qigamedit, Py ne; it ierog s IR BlersRpestebKHB anphey mpdile
interiOPAHER théBEhIR inteMbr iAclBBE! dHelor BRAE LEmpSteRisito ?e@f&‘i’n 8 least one
central controller operating to at |east performone

specifiy taskof abiglogiab chemtsal, and/or pliasmaceutiosl neaiufasturingpréesss. The at

t he oper ati an st.em_ The nethod . i | udes,,one
east s TpEREE bl Slor HEprd " e RS e o PR

envirdhoweaht 6/ithiigthe A dale, A06ithecisroMesisrfesintepéonesmipth@aiodtieiterior
.. process and cqonnecting the one or nore nodules to the
with angther modelgAnterer ad a qrREplconhpller Operating Evaftleast perform one or

more 8 ARR a!n? n@@ﬁ{lﬁm AlektBATbr ﬁ@g,g%iglgw@ﬁ syfid | 4L i %hod

na contro e one or nore her
includesbnelommaote affseletténg aneen maye modules eadhsfor cmduting efe d more

ust om zabl bi ophar maceuti cal. manuf acturi ng system
Proceqifes aéénaé’r‘f?ﬂcmr%’ngipé?ceé%\%’oqoém?%lng EPREHAREE i“&ﬂﬁiy“iﬁst‘%the

centra%@&{t;b?l’ér, PR e lcBited bOfitrol WP BpGattd & ﬁd@ﬂ)ﬁ‘lln%é ]fbggtrcﬁ‘xte%% sdtflp,

erformat |east one specific procedure
monitormngidralctontrohef the oneesmommedwést onment al control nodul e
for controlling an environnent
In another embodiment of the invention, a process module for a customizable

biopharmaceutical manufacturing system includes an interior capable of interconnection with
another module interior, where the module operates to perform at least one specific procedure
of a manufacturing process, an environmental control module for controlling an environment

within the module, an air inlet, an air outlet, at least one connection port for interconnecting



10

within the nodule, an air inlet, an air outlet, at
| east one connection port for interconnecting WO
wQod5/0008093 PCT/ US2005/ 002985 6 the nodul e wWedtrus2005/002985
anot her nodul e and an accests for accessing an interior
of the nodule. The process nodul e electronically
cat w t.h entra trol. unit
the nlpglmlgvéﬁ ﬁ\eafno'dglg and an acdess {;Oé'?lu pe,ssx% A {né tthe moéule The
proceS9mbaElk Eleﬁﬁom@dlty%ﬂﬁhhﬁkﬁcﬂés Wik a@@xﬁfaﬂbbﬂfbl@ﬂcmt perational to
process or nodule, and managi ng el ectroni c batch
perforne goleass ong af se&up, AHIBERS.cABGRIRBAUtQsRatingeof pheemtlon of the
procekJ‘é’r‘%ﬂé 18 and H&Hﬁéﬁg‘efe@%ﬁc BRH frﬁc%iéér Ing system
cIu es’a uring space aV|ng afirst air
ndlin faor vi di su air to
odhgrenib FaEdimane B bt in B omySpffpmptacturing
systefl3Rhded @ rRachiddetitrirl spacd KON BrsPhir Hﬁ{(ﬂmg@‘}lﬁérﬁsfor ﬁrti@ldmg
supply air system being optionally provided wt
supply e de ommer. mexe modulgsnid @rsecandzait hagndling systamgy ﬁam@n@lmg exhaust air

- from @ l’len(])rdI ct)r¥, n(l:o (%brh ag&ﬁy ?ﬁ’%kﬁggﬁn TR pg:g]afjil&cqrﬁglﬁ ? F]Véth at least one

piurality o es pr
of filtFaRioxf leating,icoglisdatkor hikitdiey édntlobaThe §REm AAYWLsE include a
incl udes an interior capable of being. interconnected
pluralyfy of pertaiilsvodplss provided vathin theapanulaciiring ipace, avhsre at least one
r
modu e o 5 i RSl S i an
each modille’s nnbmrrradadm anglor mreonel ﬁmpmrentsgo pedoms st ledt ohegrtific task

one e lurality dul.es inclu an
of & Doy CRemiA BHURE AL ACTHHH Ll SRS DO AL J g module
of the%fl‘mﬁf'f&' JrARYHRNs iNd1dYs An bi& ARV oARAEN ] &)‘ﬁ%?@steﬁ{‘for controlling

means “for interconnecting the nodule interior wt
an enginomnieet withduhe nodulsranda, colihestioy sneans for sericounegties t}a module

interiG ST Hiou5e? WeloRle 1E1er@P TR vhftan 1S PivaEST bl beBuRr Sperating

to at léiﬁf:‘pétﬂﬂ‘frﬁéde% nidre f opdrat@sit andriffodhatidiEealesti@Mon tHé dPpBRition of at

nore nodules. Still other enbodi nents of the
least w@s‘&ﬁswwwﬁ%oan@r@moéamd to individual nodul e
units as well as.conputer application prograns and
mStillathes pmb@@lmptﬂ o] hlilenlgemy inyentipsgase flisectedbipandividugl mpdule

units as r%é(ﬂjas - cotp emagﬁl‘fc% 159 a S élﬁ %dla d (??:E(Erﬁe%hsh}ngsaélxtmethods for

operafifip/ee Txﬂdﬂmle\/ﬂybtlemb e@@lﬂﬁhﬁgly ethedecnd other Eﬁhﬁodiﬁ{eﬁts| tfects and
description of the 5 enbodi nents of the invention and
advangagesehidg prosepd invention wall eogte rgereclgapin e sqwltxhéescnptlon of the

e Sy 8 28, 8 T, BT 0 6 s s

set outrbelodvact uri ng space and corresponding 10 nodul e traln
according to sone enbodi nents of the present
invention. Fig. 1B illustrates a block diagramof a
manuf act uri ng space and correspondi ng nodul es

accordi ng t BREFEDESORPTION OFAHE DR AOWEIER!

i nvention.
Fig. 1A illustrates a perspective view of a manufacturing space and corresponding

module train according to some embodiments of the present invention.

Fig. 1B illustrates a block diagram of a manufacturing space and corresponding

modules according to some embodiments of the present invention.
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WO 2005/ 076093 PCT/ US2005/ 002985 7 Fig. 2 illustrates
a bl ock diagram of a manufacturing space and
w@eornsespendi ng nodul es and support areas accopdi/UsR00B002985
some enbodi nents of the present invention. Fig. 3
illustrates a bl ock di agram of a traditional
rranufa r ustr a side v
nufcﬁ a{g tjufpllg‘ﬁtgétgg;%télg %agr 1 a{ﬁl ‘ﬁ‘&“‘?ﬁ%‘ﬁ‘&% SRACF IaP‘# ch‘gespondmg
mod@mnd&upmﬂumamawg t0l3oin@ edibodinen of tBe PreSetil @eehtion.
headers, according to sone enbodinent of the present

i rp{g 1 {1195k ratéd leo@k uiagﬁagsm Sadiflordd Hahﬁfact%hﬁg giasap vi ew

he air supply an turn of a nodul e ording to
£TRAHEEN ide Glew! 1S BARTRMri Q%QEE fllggtratﬁl %upgcﬁt utilities and
|II istrates a perspective View o |gy
modulocomettionrto porsupply @od dxirqst leeadérd, acoasrdngrt‘o @dmaeﬁibsdmient of the
the present invention. Fig. 6B illustrates a
presepip¥Uion ve vi ew of a flexible connection port
according to sone enbodi nents ,of the present

i Aue i illgsirates apartzalisidectop vigveef the pissuprly and eetwinefagodule
accorﬁﬁg‘%§§ HE 8iBo ﬁ&ﬁ{sq}f@%grQS&E&%?tfdﬁgOd' ments of the

|nve trates a top Vi ew

of a ar. fl Qw zone ace or di

SEiE Y bR E NP A nba R B EohppR detshaing o
someiechlbd@inichtSSt the pletként iventied. t he nodul e having the

| am nar flow zone illustrated in Fig. 8A. t1J. Fig. 9

i |F|1 I AuSPatés P#&%cﬂb@ﬁ%@rﬁfgfﬂeﬁlﬂwgdﬂn@cﬁ nﬁidﬁt #26rding to some

cen raI controller arrangement 20 according to sone
embodmientt ofthe preséntftusniieesent i nvention. Fig. 10 is a

flow chart illustrating a qualification lifecycle for
wd?digxl7eiﬁuara¢e:sra1i>ansg)etkiuve wewef embodsnmpdrs aofortling tps@aent
b i,Lhvent IfOF s an architectural plan
emboiments ¢f1hs At 6‘3’&8 Mnrocess and personnel flow for a

manu%%ct ur i ng facili ty accor ding to the present
i mi 8y dstrases aog viewyof a medple hgving g/leminar flowzane Agpording to

some Bliftndnts &F thy freSen® GRRAGNNY O some enmbodi ments  of
e present 1nvention. DETAILED DESCRI PTI ON OF THE

mﬁ%@{ﬁur 1Ny Sy&fo f&t)llt:é V\l/ﬂg&ﬁ illénn hfell}%é Q%ﬁow zone illustrated

in Flg'r&Auf acture bi ophar maceut i cal s, or ot her cl ean-room
type of mmnufacturing process. As
Fig. 9 illustrates a block diagram of a module train and central controller arrangement

according to some embodiments of the present invention.

Fig. 10 is a flow chart illustrating a qualification lifecycle for modules according to

some embodiments of the present invention.

Fig. 11 is an architectural plan illustrating product, process and personnel flow for a

manufacturing facility according to the present invention.

Fig. 12 is a flow chart illustrating a module life cycle according to some embodiments

of the present invention.
DETAILED DESCRIPTION OF THE EMBODIMENTS

As shown in Figure 1A, a flexible manufacturing system 100 which may be used to

manufacture biopharmaceuticals, or other clean-room type of manufacturing process. As
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WD 2005/ 076093 PCT/ US2005/ 002985 8 shown, a nodul e
train (nodul es 102-118) may be |linked together in a
wa2ogloesopxonmon)  nmanuf act uri ng process positi POEUS2005/602985
manuf acturi ng space 120, wig§ h each preferably having
a connection with an air handling systemin the
f | Ri i an
show T EHoREle Hoh Er RS0 02 BY R b2 okbd BRE AR 5 et commpr)
manufictagcprbtess pogdtided ih anedmadrneiigagaddl 20, withicAeH Srefe@dbly having
Such processes may include culturing of cells (122).
a conpgcgméylyl Hhr B@}dihpg ééﬁ{tq:rghn tlﬁdgmugigm(ma% F 1glg§tl illustrates an
overvéé\{' aF th%gﬁfers J Focte&'éMa@ﬁl'ag Be 80 cllin %ﬂe@gic'mgdulgssin{e}&mlected in
ach nodul e y access an air-handli ng
a single mymph. y Sechhaosdsjessyst iaohutde chltoag df nelih@ 22prebaat and parification
Vi one or_ nore snorkels. not ed. abaove, the
mod@%?ﬁiﬁﬂ rpaﬁtavefaﬁﬂ_eﬁr@ng EBUEEER 2R !hng)m%e@eséé%@_r &pplymodule
may aceegs%eair_.ﬂa%dﬁng(%%@ﬁ&ﬁa@t)rsyﬁ@ﬂlokhemae@mﬁ@ﬁm ife Uufthg&ace via
air quality equival ént to 'l dboratory grade an
one ot owire griorkeads.r oom t enperature to the conmmon
manuf acturi ng space. The common nanufacturing space
medys witabatiove) thel eoramda dhanafaethrmgrspheendéd Fig. B)adyegeneily include
rovi di ng . suppl air,to qne or nore nodules and a
a dedlsgted iy PAPqITHELaTemHRTOXAREA 1 ity eHaYalery t%la%a@é&ry grade and
con&élﬁéﬁ%oﬂri&nﬁéraﬁ?{)ﬁ O Eithfon HuREiHg sphde. R dbinae

systens preferably maintains a unidirectional 15 ﬁow

 manufcomingogadeasay aso toludstardedivated aodsndling systendior providing supply

. . upstream process to create flow aof .air,.fromthe.

airto g o SPRRO e vt o g™ AEhandioe sy o Bnitind SHehed Sir from

one ofBidkS M6HwIES THe mSA@E QirMRAMdlin}Cdydehsprsferallych SRR Aunidirectional
surfaces including | aboratory grade vinyl flooring,

flow Heom m(p,dulﬁrfgf dovamstrpanpregesses dQmeidules g;;mp@tmamr@cesses to create a
flow BOHPESRI A0 fPPRiRIrSnenf ik 308 \AWon AR 1RE leGacturing

may 1 nc e a s t eac
spacemitinelud@ Basilyy1danatda sirfacesrine bdirgy laboratothgradpeingl f163ring[ and is

neans for neuveri ng nodul e, are also : _ . wthin
Prefe‘ia%g’ @@eﬁg‘eggvlﬁwpm?mg@mi%mlg (e.g., trolley

system). As shown in Fig. 1A . each nodul e may be

d s dgeathernygach of Hie raeci‘gwn@y inginde a sofnfovhesls sadhat eagh module

: b, .
LTI  ——
withithe sedyeadfshe dBEUddintbodinens (of, it sy3temPRENE G MERTY, 1A,
cach EGF G120 PERERERF M FR ST O GREL L earBrcap wheels” .,
the mbbitttyofithé hogﬂlesz)wklft@cﬁbﬁi)iné}y,Qhé/ OGS AHaly Ret1GR X s8ad: cuftire on

shown in Fi e manufacturing space nay
wheeld), BE2WdHioreactor op adeeksh PRONWI(pfisatyrecongry on wheels), COW

(ehrorgy P AF Getsal Pty (Rl TSR tin, BB Sy HEOW i on
wheeBpatdl VOWI (VidlthgnBdheeRYCh addi tional areas nay include
a quality 30 assurance (QA) sections, adm nistrative

2 ;A shOWS in Plg@Plththahlifab&fing 8pdce B Hel dicted t$8 EfdcE e

manufacturing bio-pharmaceuticals (for example) and may include additional areas,

preferably adjacent the manufacturing area. Such additional areas may include a quality
assurance (QA) sections, administrative sections, plant utilities (air-handling, electrical and

plumbing), quality control areas, laboratory and receiving areas.
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pl unmbi ng), quality control areas, |aboratory and

recei ving areas. WO 2005/ 076093 PCT/ US2005/ 002985 9
wdb@swoegnd act uri ng space i s preferably arrangeplCT/us2005/002985

according to a flow, which 9oves nodules/train to and

fromthe manufacturing space. Specifically, nodules

ext ane

oo RPN LY B Sl BRI L0080 Py moves

modudés/tesin o anksa e manﬂfbﬁupn@shacé Spevifiediglinodile@exithe
nodul. e may be pl aced back into the 5 manufacturing
manwaciuning spagrvip @h £YIHRE AF3dO Ph r(?qelsvefi@éﬁemuefec@agq-owrﬁrw@rmw
A). ARAUB:SccliAt I thE bRt Bange dCrSHBREAN mi) bb blabEFLAR into the
manufoturiresspacety Heee-aonmariHdiis hte despbetdegpot 1hehe:mbdeletchmn garrows B).
to common air handling equipnment and utilities
I Onﬁatsaﬁplb'rd)f uhiBtiespRuidlcdsUfdsh girsipd @ollectida offausysit 868 modules
pporti.ng nodul es in the manufacturing space may
may bwce@eh%hsé threngheths cenpesHansty conunoneggh#ndding sgeipment and

‘ ut111t1@§ ﬁ)%@t%& irt qlglxﬁhn?lpacﬁfrﬁ% gﬁgfﬁe Tfh%rﬂ§§€p§ ¥t’em§'§gpé§r?§ n% ngodules in the

aust e supply ers may our ce
manucfamm@ spag@p mayancludeatmd leadersiextendiag thedangth lod edmhmro%ﬁtrain

exhaust y Qccur, th | ower s xhausted to t
arca, PR fOT SYRRMIAIRI 218 S Ao & uppl hspdeTAda R RouTGHd fiog: &
u
comfon &) ‘nfg@"s“g‘yS?E%“W‘Z‘S%gmoﬁ‘sﬂ‘m%r TR RS EPO A Brbugh blowers
exhaustedutp det noef thepughra copagen header gysefrer ably a separate

nmodul e 15 specific air handling system It is worth
nAts shgwnhoWey dr the tnlmmfaetdmngl spaoetiacladest ddedjvaasledit handling system

n are not ted t.o syst e t he conmon
401, Yo i e e G 00 ProlGvR Dt PR de
spec1ﬁ@Q1r HhidlinBGstéth! 161 SoRilhotilLVIRNRN er, it BmBo@MRh&BfiRe present
preferabl e.” The nodul e speci fic air-handling system
inventjem areaiol ymltnd Fmsjsésanm\mlpﬁrd thercophia@ mgmfamnsg sppne atha modules
2 and on

have o BEER A AERY ol mo OV B ARy e
h 406 dul t I
a%?ﬁ@eﬁwﬁy%%‘%ge}%@ﬁ@gregx Relhiy FPegPEnEvAG
snorkél% $1R 402 R rSupRFiR frERARNAOD 2R oh@4@‘@a°f'8r e&wéhﬁg &%ha@i$t air 404 to
not to restrict a location of a nodule in t

modulesrmty be cenneeted pmeash naadulg 406 (9h pwdules that pnlwcaqulmﬂa))r Such

snorkglgtn?ag'u rPFﬁ“ggl )? B o§s lﬁg easier cgmecﬁgﬁ P%g,%%g an(%dﬁl 5 gaﬁ not to

restridf la¢amoh ang hﬁfdutmﬁ&h@mmwf@dtﬁnﬁgemeé aAbaRo 6Adwn, eblfrical and/or
and relative hum di té&S (10 - 6QWRH). The air is
data cgapgcligned{8may bhmade gash moghlsr (dde airsuppligditaite madylremay be

dehv#&f ug&%%ﬁrqlanﬂfer ﬁﬁyc&%oﬁ‘rt@m%hlja e [ —g@@i’IC?\élﬁé] ré_v\k"atjtrﬁfe‘hhumldlty

prior to entry Into
(10- 60%!R|Hj Thaiir ishielisgred efa thaflatiblersnofkebsiameduik idtake Blower, where

terc nnected no S that the. nore downstream
it may W@r%ﬂfﬂ?@%@ %IS?{F REPT t9/cpiry ipte thertﬁeglaﬁ Bdnwarth

notm%ish'élf I!E@ QGHtdrh ShatM S Prsire HithRAWSinteSconNOME inBdfeSsuch that the

shown, the air
more downstream module preferably has a higher pressure.

The on-board air-handling system for a module is shown in Fig. 5. As shown, the air
handling unit may comprise two separate units: one for supply air 502 and one for exhaust
504, each of which may include separate fans, controls and duct work. In addition, each may

include a designate HEPA filtration system. A damper control on the intake or exhaust may
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30 handling unit may conprise two separate units: one

for supply air 502 and one for exhaust 504, each of
wobkiosh7evy i ncl ude separate fans, controls andpdmok2005/002985

work. In addition, each mayo include a designate HEPA

filtration system A danper control on the intake or

2005/.076093 PCT/ US2005/ 002985 10 .bhe . .
be st BEFE R ooy B GRE L B YGREaTF B g opylg during
proceR$ifiS SBéexinplY, Gsihf 8n IRERY whitdited AB70PERRE RS HG- ml'r:lﬁfe the system
exanpl e, using an intake unit rated at 700 cubic f
may jpaintain Adt-e.3 indhes sater eplummenpsiiie pressuregvithinthe mwdmes
wat er column positive pressure within the nodul e.
Midodules may bbBnkddrik @de anothere/ia ot dxampld, apnifeotior pantgdseshown in

e 30 SRR s T 2 s e B e e eno

to paé@ﬁﬁﬁeﬁm ffon? 65k hadwle t@ﬂ)@h‘l@k‘t aﬁ@thﬁ@?y%dﬁﬁ&%dﬁle diZzedmd 9@ ﬁnder
modul e to the next, and thus typically  may be sized

three KB feetde dlmndtﬁre@d(ra9>stﬂ>e¢_fcrabky bkrtwm gk (6)ancheswad one (1) foot

refer bet hes and 1), f.oot .
oo b itndien Ry HE EosP. R0 S B 8o Frr B klePE nexivle
conndR€ibh tlﬂfeﬁtﬁlﬁ{eﬂﬂiaylslseﬂhblé ®stweh hvdulek € Pref&rapl Cﬁlb @khnel is made of a
tube/tunnel that is seal abl e between nodu
flexibie wpterighl y, the tunnel is nade of a 10 fl eX| bl e
material. Preferably, the connection ports include a
s tPaefexahly; ;hemnneo@ioa partsiinglude @)Sidbiloearmett ®QA4nd aBkxible port 604.

ort re | udes a [ nber ,(or .t her .
Bach B brdt S ifitudss stiantiaRE pibrfhs? (R oM BEARSL Ohiden Ry pming and
seahn(grwﬁhlbﬁm@f)r fube b jrdsd ﬁﬁenﬁﬁhdﬂﬁl@ The Q)lfsﬁéfﬁ RSB ¥lakpSand gasket
and gasket . technology to hold the sleeve in

technglloax to hold theslepyr én Blageandda niake deetled ponnesti@bnt ai ner s
or conponents can be transferred between nodul es
t I§rontaiters hrecommngmte ean potranséesred detw esngnodnites tl’mdgh d@ transfer

r ef er abl n .un ositive ressure an
port BeRbRy e SR aIBR PR P OVt i cavitirae
when Sufieotedd ITlhgs ttheerpioaneat sugidandifig €RPré¢e3eFbniith contained and
segregated fromthe anbient environnment in _the conmon

segresaa%ﬁ%ttm mﬁ@egtp%&agomneraun the copgorymanfactygegispace, Maestules
may bg%g %i V1QI ng gxagﬁ{lé % ﬁ) E@hb? gvm nggtbﬁ ??Mé(ge?gosngzﬂly%mé ofa

modulegaeesFige7)gor, ottiemacpesmmﬁdnm(e g),rmfoe,nallntidywslﬁafe&tﬂlye}.ealable).
Figs. 8A and 8B illustrate a particul ar enbodi ment of

t Fegsp8 2200 8Biillvantd Oparfiulaembodithéfof tePreseaniavéiondor a
nmodul e 800, which may be applicable to classify

lamingrflowy zonexfor 2 sradyle §A0nwhichsnaycheppligahle ol cdassify ll’%"&?‘iﬂéh
enbo 0B |4PR SIS TSR, 408 At o

and 1sssup]pii6ﬁ tyi the nmyluhlmméiltsmd&mxa(ahhwgﬁﬁaupplp pirinedd) alsoTllS‘E&separately

suppliogl ThapRaa: Pt b5 alfionely HHRA ARt alhe s fow zone

is preﬁmb?}b flntdRed Bﬁﬂf@sﬁ%arﬁ% 803, W04 {1R W%&?lef‘acs shB® Wrﬁhﬂﬂ: figures.

figures. hé isolated | dm nar fl zone may
The lssvtmd laimgnag flowmvong meyhavg speaificrodeapingcmd wpesting procedures and may

be monitored by the central processor via sensors. Access to the laminar flow zones may be

made through glove ports 806 (or specific laminar flow zone specific glové ports). Such
specific glove ports may require a sanitization step to sanitize gloves prior use in the laminar

zone.



10

15

20

25

30

be nonitored by the central processor via sensors.

Access to the am nar flow zones may be nade through
w@bmserqpes ts 806 (or specific |am nar fl ow zoneCT/US2005/002985

specific glove ports). Such130 specific glove ports

may require a sanitization step to sanitize gloves

T ey ol B8 o RPEa o ERATie1ctuiORRicHl o cumapte stanles

steel ©f aliasinhiy nedydenabd for ImdlefrarﬁbﬁorkE@.nd gl fastis i@ Nl ISexan®)
teel or alumi num nmg used for their frameworks and

may BF ysed fgr thmvxg%lts ofa mo le Mpd}lleq}@ﬂgﬁl@? bs conpiryictgd ofi frameless plastic
(e.g. ‘irgéctfoh(?nc\(l@sl: ); ]??R:?xr ama udfé g‘f*eff%%eg]%? o fﬂe%ﬁrrgfndnﬁg environment

nstructe astic
usingiRbate AempEmtire Nbﬂhahmngs(&i?\éfsﬂlc@hh yfos eﬁdrﬁé;ﬁle)‘ fop§oifitdLand corrosion-

resis{] 3Kt IO RS PEITH] EEMeEd i mBY ARBIRE o 1o o nscsled
electﬁmﬁsﬁgamisérpﬁoar&mr&t@ygterag?ketS for doors and ports.
Each nodul e may al so be outfitted with seal ed
I
A iy BRE 8 R N L b, o

exarrfplcz ethaximivalpiocebovolumx dagpdled inthemodmeMQheeedon W@ thesamp
handl ed i nstruc |on f the sunp 10

t he nod
PemlB% Fefertien od herpesas P‘dt"ﬂg‘) 1p thsraedule [ ihg eyFnt B A catagirophic rupture
f a pFOEHdS BordtAlndiBerBife rﬁnc@fcoﬁec?é%f Fck 1& n{a fetfeGted 3 1R sump

process container therein. ce co , process
and/ofr theindemmayedotbraugh atlew-piomttdian ﬁ[on’pxampid)’ whlch Inenry beeoperaiby a ball
oi,nt_drain (for anpl e) whjch be
valved B0 et R P @' gt op Rt alaves har fporn
treatrént! Suéa é\ﬂ%& 8ésiAre eadkd @edstrOphi6 PR IART bdiRs lehkdd tBQﬁe common
t r eat nent uch a sunp design prevents catastrophic
manufagtyring spaesim bei ng | eaked to the comon 15

manuf acturing space. In some enbodi nents of the
i Apeome cmbOdlm@ntsrqf ¢le<smesnttoakthn grgicssee takitgplaceawithin each module

nogd ntrolled and nonitfored viag a
are offltrcoptl e AT irilor Pt Saminiel Seus nd rrcpdiadgtware
(togetheerdenadl cﬁﬁfﬂbllé’ﬁ ), &hich,alsttllesaliophatibh @Y"ﬁle%%t@iﬁat]rlﬁﬁ &Rfshown
the system Thus, as _shown in Fig. 9, whi
in Fig. By which alustraigs B black dinesayp afthsfsystrm assagg@mrmtha ageipmant located

i cach o T BT sa e eGP BBy B pray e n
commmanycabien iwith thocamtral cmtrotier 9Wi4tdithtihwa herdiwigl orerirdl¢se kb@iection.

90 t her a hard rel ess connecti.on Each
Each ﬁt?ﬁﬂ\eelé“%%ﬂdﬁi?&? y Hﬁmdﬁwuekﬂvrm%‘és cenizol panel, dw%lelsn@bs alsp b used
to moRAGE 'c@llé@'ﬂhrﬁf‘cdﬁﬁ%l Rk SHdik él'ﬁlg)goceg&s SRAtif thetﬁﬁnlé.lr glﬁ% cd

control the nodul e and processes occurn
contrattes nmefraﬂsoancludméﬂta gbtage 90@to sid)moiatamslwmﬂsasd@phcmbn Iamj}’er

R DT R W R TR T A—

a gra;ﬁﬂ&l-ﬁé@r@ﬁ’t@ff@del (@UI) Iﬁ?la?ﬂfl& ¥Rh de?l@é(atidﬂ@O\Sd &The GUI may display a
graphi cal -user-interface (GJ ) displayable on a

numbgiefidifferentnsregngior seftingup, menjtoding phd gontrolling the modules and the

overall manufacturing process.

Accordingly, such software may be used to control a procedure of a module, and may
be customized via the central computer and/or an electronic control panel on a module. A
procedure is a strategy for carrying out a particular process in a module (i.e., material

produced or that has been produced by a single execution of a batch process). A process may



10

15

20

25

30

nunber of different screens for setting up, nonitoring
and controlling the nodul es and the overal
worewsfdambiir i ng process. Accordi ngly, such soft par/esrey00298s
be used to control a procedare of a nodule, and may
30 be custonized via the central conputer and/ or an
I f.L rocedure is
be a ol BLLferfER RRsicHT AP ioRRiel BEVIeE torihe BrBERLY, Fapsbort or
mma@ﬂﬂﬁﬂMenﬂknenmgyaterlaI produced or that has been
produced by a single execution of a batch process). A
process may WO 2005/ 076093 PCT/ US2005/ 002985 12 be a
sequence of chemical, physical or biol ogica

OtherPGlsYderdt for the conversion, transport, or storage
eﬁ? ﬁ%EErﬁéf or energy. O her Consi derations 5

%@E’]l&ic& tgﬁ n&af(?)dt?ﬂ)ge‘gf ér@éng()) leof al lqw eysgm mﬂ@ay 1nclude

pressﬁrﬁ&ﬁdﬂ’@nn@,@mﬂ@ﬁ&dﬂﬂﬂ] aldepagtioupdte M}ﬂi’m@ ah@ $dstifigl. S?emﬁcally,
Speci fi call alification of nodule air hand

quali %@eﬁénwéy?é@y lﬁeé‘alrﬂowsgemsdnmbeaa%amﬁhai eéemmwemconswtent
with Yrhf3 gﬁ[:&glsui% agﬁﬁ?caﬁgﬁ%:@ F}é) h{ah&f%tluﬂgg o¥s?é’m{ yIpdr%QJample a

manu turing systens
bioredotornfemhaitatmn maxblld mayrby opaatepas aﬂdﬁhsﬁ'ﬁaduwhilaﬁmﬁdaadn modules

T T AL M-

‘may BAsSTHRARE (Fass 108 ¥Rardnhassl f1ed as Cass 100

envi ronments. For quality assurance in some system
e
aoE bR Sfincd ol Eih rMRTh A of GR0Rsc IR B Mhcn
modulem&y gave]@uaﬂlﬁeatloupuﬁbc}fcla: dpeoifichliy, as yiedven ifFig. H(Dthﬂ:l e
inelu conmi ssi oni ng

onstruct i on,
qualifighlip fifeit o 2 g R T £ et &S BRAOT: SomBrisicne,

' quahﬁ‘éﬁﬂbﬁ QJpe?dﬁ@nfu@é inf ffefdnce, Ban SXMRbPnd r@Hl%thent (for example). Such

qual ification activities may include: Installation
qualif@atiph fétivati¢sanay igelvde:al |y applied to nodul es and

process equi pnent): docunentation |ist,

h dnsdwlbatioh @fadéﬁxaatems(gemréliycajpiliem tonepddlecatd mncespbmﬁﬁmait)

eval uatian tion, d.cali brat.ed

B Ao B e e 1DV as8 SpsoRES B P ghiap. physical evaluation
Qdadivéﬁﬁ@hbﬂ%d%ﬁ&ﬁtéﬂ@ns%ﬁiehmeﬁmﬁﬁéﬂ cation, air flow
velocity verification, HEPA filter perfornmance

Cefitd P?}%[a'tzgﬂal i éi@bﬁoﬁc krfé@’sﬁ@t:& dlv ﬁﬁ@a{ti%ﬁt &f fl&\@tv.kf?)@ity

and verffication. Bioreactor era | ona
demﬁcfatloa,t HEPA filtsd petﬁommacead;emﬁ&tl@pm&ﬂra,lr flow pattern

ions, bl lights, door function, port
%ﬁgnag%ﬁggpg@g?lflcatlon 25 etc.),
b oreactor operati ons erature control as flo
Clgmrfzqgtor Iggflz{? glqz;glﬁatiggﬁg r?fe"catzoilil module operatlong (power, W

communications, blowers, lights, door function, port connections, sensor verification,
etc.), bioreactor operations (temperature control, gas flow control, agitation control,
safety features, disposables installation, filling, mixing, sampling and transfer of

materials), and ancillary equipment operation (pumps, tube welders, sensors).

Chromatography Module Operational Qualification: Module Operations (Power,
Communications, Blowers, Lights, Door Function, RTP Connections, Sensors, etc.),
chromatography operations (column packing and HETP qualification, flow path

verification, adsorption pressure verification, bubble trap function, safety features,
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safety features, disposables installation, filling,

m xi ng, sanpling and transfer of materials), and
w@pwshtapy equi pnent operation (punps, tube webdBUS2005/002985

sensors). Chromatography Wdul e Operati ona

Qual ification: Mdul e Operations (Power,

gm&]tr&?s%r%ﬂéggﬁéc?%rﬁuffelr')f.%'at\%lveh g{rof oSy %ildn AR ancillary

ctions, sor's
O pegijinhent Spdradnifpampacdenstys)and HETP qual | f| cati on,
flow path wverification, adsorption pressure

vV eFild- bt MOMule BipoRIRnEX lgwaﬁbﬁ :QRoduISSIrXti T8 &S .

WO 2005/ 076093 PCT/ US2005/ 002985 13 liquid transfer
arraBwTlieations blowersflights; deer fun¢ticn, porh cemiections, sensor, etc.),

NGy ohfions Wity PR B RsaBRE Rt Bfor RS ivine.
mMaditpting ped einsfiof hﬂiﬁ&bﬁils) ane {1y Bqﬁplhbﬁmﬁ)crdﬁbﬁw&ps sensors),

i ghts, door function, port connections, sensor,

etro workeffdctivdlphs 9%@H§P&Iﬁb@tﬂ§ﬁlﬁﬁét9ﬂ?§g éﬁJlR)‘forféﬁp 'éfrﬂ%bdlments of
di sposabl es instal |l ation, ng, mXing, anpl i ng

the prgpent nrrvangmmamﬂnqhaiemre@t@mn@nnatbndrayxd @qtsppml mweork flows. An

e AR . TSR S e

warel@fusé pértiph aae storddrivan Fﬂﬁpﬂﬂﬂeﬁ doatrofed quaesiRingardan aterials may
materi al, and personnel work flows. An_ _exanple of such

then bq sippledia 3 quu Matertads Sampring Room, prpfstably pravidgd adjacent the
recm@tq%rsfeg%%oﬁa&t £AR| Y&l d nsge& qu%ﬁx Bl afgé{n!lrcﬂg()?ﬂ g%lf:ase, the

I'n-an appro rlate y con
materiit arcitbdrsavaryble fdranarndactiaing wd and novBhw dMdge¢gasddaand controlled

Sanpl i ng. Room pr ef er.abl rovi ded adj acent t.he
storage A0E4 VItHg 187 BEreDpRe JEi it S atpasion Figpcdesignated
“FLEmnx@éahbgpsén Ptus dminlrmdnbfRasfg shites. mterials are

t hen avail abl e manuf act uri ng use and m)ved to a

S%ﬁtﬁﬂﬁg ﬁgy%@‘#raﬁﬁfbtr{eﬁ lulltg th &)tnﬁ ﬁlgtﬁl fipid ar n Qﬁzﬁeaﬁﬁ) &ersonnel or

war ehouse. worth notin S on
through a demraye attenhcd BJr 1ﬁgE)ﬂ\#&ﬂalmﬂreqammmt nMatmatsammrted into or

nuf act uri n ace Mat er i may be tran rted
out of B OB A e P AT AT PiedErShY nsioricd JosBvhsontaters to
mainthft QN EbnBe§ PRFAS O rEsH shadtifg fdferlaRlif® (HBESGHMBh ?na%ﬂfi\cturmg
equi pnent. Materials transported into or out of

spacedoprebmalis miniasees m@swfme&eo%qoetme& @rchftqu}pmmmpfewly
wined oA R0 o b col PR LR SO e

manufBRfiiting lkedr Img‘m%(l)a&m&@ﬁlpla‘étlﬂh% ebmpbientd e Breferdblydiépared and
surfaces of containers and equi prrent are preferably

loadedhimtp modyles Ficpeped sxieriprRackagegaax be Wined evithysanjsising agent prior to
bemg%uﬁ%mg te?ﬂ,pp(g,fn AfEnSillier 1 N9 the manufacturing area.
atc tu

p activities, corrponent S are

CirFe QY o8 REBRER A sl SofRidRs i R trom one
modu[thQlie fiext. Aethegnd @ﬁé@ﬂ Hafth@rédees a4t hiddleEBAYIbe- coupled via

the connection ports and product transferred (either in closed containers or by pumping

through tubing from one module to the next). Intermediate process materials or final bulk
substances are sealed in containers before removal from the modules. When transferring
from an unclassified module to a class 10,000 module, appropriate measures are used to
isolate the different environments. Intermediates, work-in-process, or product may be stored

at the appropriate specified environmental conditions in designated storage areas.
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25 Product may be manufactured by sequential batch
operations and transferred fromone nodule to the

WO eos/07éb3 t he end of each batch process oper at POIUS2005/002985
nodul es may be coupl ed via14t he connection ports and
product transferred (either in closed containers or by

PR BN e a0 el BepfTogify By i, abprohade methods
knowStg lfIsds8 € E15i 1134 e hefleddd %ﬂ&l@dnﬁﬁﬁﬁpeﬁ% Q ?JFI RN Adtion system
fromthe nodul es. V\hentransferrln rom an

for digehargeser ppRltrahissgies. 1Solid peocesswashe U@a bmb@gg@ and disposed using
methSdy: p?fbrﬁhﬁleefo Q\lyg sfs are used to isolate the d| f ferent
e

env nent’'s riredi at es, worKk-in-process,

uc or ed t. th ate specifie
e insmsanebiich s Pest@ el HLBRSHIELISS soRbe aawgﬁghe
comri RBATREHILHBCTAMSAORANAAERS rotickdWiadUREE Bt sonnel,
~_waste may be inactivated chemcally by use of
with seppratepnitrytand exit paths to tampain thetdesabiness of Miel donimon menufacturing
art, as needed, and then punped to a pH neutralization
system for di scharge per applicabl e codes. SoI id

process waste nma agged a d di sposed
G e A GRS 7 CEn e e o g artigne space may
includedueR BRk af h&%@hedﬁfn%flﬂf &bk safedyl golg?fe§ Ydetant A@¥overs, boots, and
revol ve around the —common manufacturing space. Access
gloves oStnhc modplgs preferably provide edrmoomamahmtxpé elroped ﬂm'mecte,ss housed

el N A T B B

approQﬁW@lyﬁ@nﬁ@leﬁel"m fiay Wtk oarllldhipigtet@oElBIBIthe common
manuf acturing space nay 10 include such itens as
manu{i?@ﬁlf%éﬂ@ﬁﬁn&)rlabltf%laaitkumsameé@twr\g@ggmégsse@ouf fant hair
covers, boots, and gloves. Since nodules preferably
p erltm d@twfpr thereepman mmufacrwn@ spaerlistchBeqiedasaast of qualification

actwlfl % d“avklgie ?rdrge dhs verﬂuzi;t glte &q%e%) é@dé 5 cLeamng procedures

may earmdsyamrfaae ewpﬁﬁgaﬂoﬂeﬁbmpﬁkﬁio@gzﬁnmywm sWib add contact plate
i.n-process, nodul es in the common nanufacturing space,

sampling. Sanple sifes s sejectrd ffona BEWSPF%%OCGPOIW%@Q@&)Surfacfs

space,

equlp%ﬁféu!rﬂge d8io%e Etﬂ?acta{' ;oﬂgﬁty bAdM 5 %I%O%Iﬁe for
ect ed’ &s part of qualifi catl activities
manufotauiage dEvalluatlnommdi@t éymhatia coﬁﬂmﬂaorrs\mﬂymlmdar mhltiplheactivities

nodul. clea n oced surface
occuriBaitiin e proafleossel S5 o e Act RuTeh bt BT L madule
proce§sil @Ghodtll@é1BaniA@tHat mitht bSBERIEnS Wit tBE @orﬁﬁlloﬁ Ghdttlfacturing
from appropriate | ocations on nodul e surfaces,

spacee @apmmlch g8 peraerus] oxgqraims,sqlctarnmgazroc@nobs and the

erlal 0 ent ded to .
materf iR ERnE ARG froRRE skl iy AR, e ERagongyents
such &Qﬁﬂlsdﬂidd@idduﬁl@tﬁ@iﬂdﬂhl@bes occurring within a

single nodule, as well as other activities such as

c qne Haj &Y ofprddli& comaa%ﬁﬁe&ggeﬁéraw ﬂiéhﬁie%s?%éﬁb‘i@ sinBfluse
m ght be occurring w thin the commbn manufacturing

equipment and components, eliminating the requirements for cleaning and sterilization which

are typically required for multi-use equipment. Additionally, use of disposable contact

surfaces eliminates the possibility of product cross-contamination. Typical disposable

components include bioreactor vessels, shake flasks, hollow fiber capsules, filters, tubing,

connections, temperature probes, bulk storage bags, and chromatography capsules. Such

disposable components may also be subject to qualification.
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space. Aspects such as personnel operations, cleaning

procedures and the materials/conponent sanitization
w@emsethopes are al so be eval uated, as are excupGI/US2005/002985

events 25 such as spills inside and outside the

nodul es. The mgjority of product contact surfaces

g r . a | hal e- i t.

G rBheskicll it iEp N SROABRrBayEl B9 o038 AR Aing
processesaWing wsa of disposablezadduencoriact mataiad is napip6&sidly, such as in the
required for | ti-use equi pnment. Additionall K use of

case "%Bé%‘a?ﬁ{‘%’r% Grematography. systern FOACHBE fiftpgs, the methods and

3 r - | . N
ST e A e o B e R (T ALk bR Bfthimice cros
contaghadtonf IConkre] aspedts fow sfriall dittingspad [sessor furfdces may tinddadegledicating
..connections, tepperatur robes,. hul K staorage bags
cquipZigd s SIS GR PTG TP BaE deliied Topuddkeias procedures
conponents may al so be subject to qualjfication. WO
20dedwess9 quﬁ@wlwézaesficb'ez@sw GM® qperatigns bpisgHy feund in bio-
theractRls B A SAAE EF DR bR RoRl Fadtb e o gnother and then
connqutanid acheeded) tviccthe watrection porss inatprpasssidcific seqaéncas Examples of
the case o[ certajn se &érs and hronatrgra?hy system
some VaHPHRAENIR] PHOFFR§Steps CABERPoaYe madulesanfighabpes He
describ@d $OIF% gMkeifment s of the present invention are used
to mnimze cross 5 contam nation. Control aspects for
smal | fittings and sensor gyj.ffaces may include
dedi cating equipnent to a specific nodul e and

e e P I R O A P A L e S

T RN T Ty T
manuf act yrSCalg cath quitHy bisgeactass ¢ r (Bicubatprsgwbe ekl pumps,
one anotHer and then connect ed| 82§s,sedlgw @roogssavessalds (bags)

Filtragemnect i qnlqpgentil ilawdilpatoaess - s pEidiefs (capsatpibolbmy fiber),
Exanpl es |afead &fd fbiration,ar i ous pot purhpstubervedeas, ssilegs
and t he qaiisfdaperdi ng nodul e coppiogedsaesseRIbas

Chrofl@8gfapRe J D&licitéd ddlukaR bckssinkab| EhfontOa ey Colamss,
Process Dagief birdr@edtYdehsat, 2kU| SFBRhtoph) RY L bumps,
Cul ture i H:Jr&dlfﬁ b&fécﬁ&q pr ijUCt I on @e& @gesugelsd(tg‘qgs) R

Quiture L scles Ak

Chrorfgrablty d IR oPopasts a%@s‘c?ﬂg?ro%%gghf\?’%& aphy
tratigfys)  Filtration Tangential f afipp {QQUITEIRENLS for) Storpge

(capsule| hollow fiber) dead eh®f Yifys{endetoxm remakals

Bulk Dpige wel ddiillingbuly dryg substaaes | ¢ r pkillong hnedcess vessel s
Filling pags)  (Hiquidbintsyeaiii¢sy closing ead ed col urm processi ng
Chr onmat odrsegding Col umms,

Drug Substance | Aseptic filling of sterilized Filling head, vialing equipment
Filling drug substance (e.g. vialing,

stoppering)
Module Lifecycle

During the Operation /Use Phase, the module generally makes the following activities
as illustrated in Fig. 12. Table II provided below includes details on the activities performed

during various operational stages.

Table II: Module Operational Stages
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with buffer fe
punps, produc
W@ bagsye09hr ona
Typi cal for po
requirenents f

eds, sensors, and chromat ography nedi a,

t collection scales, process vessels

t ography Conbi ned unit operati oPST/US2005/002985
st-chromat ognaphy Filtration filtration

or storage or virus/endotoxin renoval

Modnﬁ%lq}; atlldﬁll'_l y

qui d

||r1 Qlthf anca

RS R

sealing
/\canf.r- filling of sterilized |:I||Inﬂ

Poweﬁ élgd UUUUUUUUU

vial i ng
V|aI|ng st apple?

ﬁ’ég@z@ nitilitiand dag canprstionpestablisked andg
Module Lifecycle 15 During the

Clearipgr ati on / Use

@hamegptdtedmdud:wteglener ally makes the

Equilitehtienni ng act i
Il provided be
perforned dur

Activities Ccc

Elactri cal Ut
L "N I | A

VPdst-ekaniag, modulstgaddded in Fig. 12. Table
| DiffdréitialiphleSsuds pakticte nfshRmpetatite bth@s

| nidAY A QRRbALb B&{d;tﬁrggff Tabl e
Qe e TTE 'w iR 076093 —
nal Detail of

D1 € ] e
uéhqcﬁﬂsjmwﬁ\zp?p p m&st&tsig&_g_%amn_

Modulg, Allogatiany eq
Equi | i brati on
Dfferential p

1 Magilg s assigard @dosateh slssienisalbe esecess a
Fpseifie batshi lanumb Jordtssung engration.
rhe gtherbatelarecouds ellewedtoprotessipethamaodele

Transéigrdn humi dity
Cl ear ance Modu

rRracdss dgids|tiabsfatredfromaodice ntituld\b dubject
lodit ease to schedul ed batch

| Procestif@osabl es an

QUSit Bprhtesh ik @?&%ﬁéd(ﬂ%ﬁﬁzﬁblﬁ fdcof VI EW OT

rd@dical opera
| ocati on l\/bd

Trans%tf

tﬂjl‘rggjsg hgfsdgl%gne %H fl Yl sﬁf)}e%}noﬂﬁgw destination
dulg == 97 = AT L s

Mo RERE or 14 M

L allowed to pro

Startup Verification

ﬁgﬂiﬁhﬁg ?Hwn‘f R a5 B helder e a8 Dty

Modules that are taken offline (i.e. disconnected from power and data connections),

are processed or modified
reconfiguration, may be te
sufficiently powered, oper

and data acquisition) syste

through offline events such as decontamination, modification, or
sted upon being re-connected. Testing verifies that the module is
ational, and communlcatlng to the SCADA (supervisory control

m. The method of verification involves physical reconnection,

power-up (supplying all powered components and verifying operation), and data connection

(manipulation of sensors to induce changes on SCADA instrument value, verifying expected

response.

The Startup Verification applies only to modules removed from the manufacturing

floor in response to proces

s-driven events, and IS NOT a substitute for Qualification or Re-

Qualification for modules modified through change control procedures, although the Start-Up

Verification may be a component of the qualification.
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Transfer In Process fluids transferred from source

nmodul e to subject nodule Processing Unit operation is
wezmsutaa per batch record Transfer Qut ProceBsIr/ibo0sie0298s

transferred from subject nodul e to destination nodule

Modul e Rel ease Modul e is rel eased from assi gned bat ch,

identified as "Dirty" and schedul ed for cl eaning

Startup Verification Mdules that are taken offline

. from power and data connections),
Dmé{ andPrgg &@3’%61 rOir]‘IF’Ddl fied through offl | ne events such

I cat) on,

a:Msﬁc og %r?:?)tr? Wlbf)ynqﬁlgblg chgrpgldle aﬁaﬁtrgléqq,@mronment around each
unit rﬁ@mﬁ’ﬁ’d’iﬁk?ﬁ% ﬁ?t@cesl_e Fteﬂnﬁkgltéf%' ahtl %ﬁdﬁ@?ecbb&g%&e%ei‘ﬁmed in

suffic power ed, operati onal ni‘cati1 ng
modules Qnﬂaatmc lassified Wa@cﬂyhldﬁ)dnwr(sltreala rpuiriiastion may be performed in

tion em . The d,of verifi
a Claf fEDGL NG PR B O oS s Bhangp Sinsry bevgerormed
in Cla¥s!100 @ik & fin Y IRIH] SryXR( ad8bitkyIhatc ARSEAL IdhtroP&¥dhe module
data connection (manipul ation of sensors to induce
envirpReRYBaYIRCISARDA i nst rument val ue, verifying expected
10 response. The Startup Verification applies only to
onwdiesed snadutes e whfchgnaruakopraatisha ateurdndgcted thoaughi glove ports;
response to process-driven events, and IS NOT a
os lihdivvidual, eegregatéduet hdridtiag systerny thRepro@daloné pasaf HBRAffilfered air to
- modul e di fied through change control procedures,
alt %Bﬁéﬁpohe Start-Up Verification may be a conponent
of the quallflcatlon WO 2005/ 076093 PCT/ US2005/ 002985
017°pe{aé1§n ghmedalemnderannsitivie pessire gnEng/prahfastusing, operation and
[[@bly designed to provide a controlled
enV|ro frent around each unit manufacturing process

oS 1 R P by Bl A,

1&%3%{ i &ﬁ%ﬁf&hﬁgﬁx%&? R el Buisagse, Contiuous, on-
S ufag tndste@rihj; bf hﬁaulréauum%( Qﬁlft@étﬁfﬁﬁ’g fdr ot Pegculdt& with alanns for

envi ronnent s. | ar ey attributes that contribut
t@utr@ﬁtql@ﬂn@fe"?ﬁé, m)dul e environnment may include: o
cl osed nodul es in which manual operations are
o caoutinetsenipting ofighssifiedvrodpdest for vibblegartimilatésdnatcordance with
stens that provide one pass,

I o R LR

o limited access to the common manufacturing space with separate entry and exit paths;

o gowning of personnel entering common manufacturing space including lab coats,

boots, bouffant hair covers, gloves and safety goggles;

o materials transported into or out of common manufacturing space in sealed

containers; surfaces wiped with sanitizing agent before entering manufacturing area;

o transfers between coupled modules accomplished by pumping through tubing or

transfer of sealed containers via RTP (rapid transfer port) or similar;
o removal of final bulk product or intermediate in sealed containers;
o liquid process waste inactivation prior to removing from module;

o solid waste removed in sealed bag;



0 operation of nodul e under positive pressure during
manuf acturing, operation and cleaning; o control and

W@ oosionewas noni toring of tenperature, hum di t ypCBUSI008002985
and particulates; 15 o rousine environnmental
nmoni toring programthat includes automated,

cont. i ; i ne. noni ' dul es during.

o b U0 8o oG RLL BAple BOHT a Hpperr
OulemoWaltvia Eloseticsyseent s; o routine sanpling of
classified nodul'es for viable particulates in
cAGSOEIANE FoMiTnBrmAIRIHSS Eivnifk BdhRESSsel 8% wa@Bbha! & hties;

environnments; 20 o limted access to the common
o ﬁfﬁt@& erhﬁ}\%\iﬁ ?)RR:‘B réd LR SRR it wrigidhtioh ﬁ%ﬁineéiécttronic batch
paths; o0 go ng of personnel entering comon
mancdrdsteps;i ng space including | ab coats, boots,
bouffant hair covers, gloves and safety goggles; o
ohedleinisedtss req@RsROMipedion B prozed@y) infludin@APPopriate environmental
manuf acturing space in sealed containers; surfaces
WIIP@HIOREh sani ti zi ng agent before entering
manuf acturing area; 25 o transfers between coupl ed
onsdranstatuscf angsiulestivagkesl bypelagitanic davumegtationlsysigmpfclean” status
tr r.of al ed. eont.ai ners via.RTP (rapid transfer
por ?@ltegrm §{dr%§ ?oa{ rl;&)duge troebr'?oﬁggegftofai lﬁtﬂlﬁ bul k product or
internediate in seal.ed containers; o |liquid process .
oveafideticn el rrduls iBieEpy w0 rgrandling sysipe b stigeed dymgmic
S @bh @ i¥RSS For@EPY. dndl AbiRRaPE ARG ucR HHOH8%ELARures;
PCT/ US2005/ 002985 18 o nodul es desi gned f or

C | . .
©bof e R lah: S3irR PR Ut Al hORE LUANHE Brdtba il ddd muts-
alwsoeqrapmentimocsscompanent dednlrgsprocsiaces n tr adi ti onal
facilities; o validated cleaning procedures executed
with verification step in electronic batch 5 record
steps; o clean status requires conpletion of
procedure, including appropriate environnental
monitoring; o clean status of nodul es tracked by
el ectroni ¢ docunentation system "clean" status
required in order for nodule to be assigned to a
batch; 10 o validation of nodule integrity and air
~handling system under static and dynam c conditions
‘of normal use and abnormal events such as spills,
power failures; o cleaning validations support and
substanti ate nodul e cl eani ng procedures and nulti -



use equi pnent/ process conponent cl eani ng procedures;
WD 2005/ 076093 PCT/ US2005/ 002985 19 Table 111
wo pambuotkes3 i nformation related to controls for BOEUS100§002985
product/process segregation. Table I1l Control
Descri ption l\/ateri al Staging Materials requested from

acknah et iAok P EOURN 4 RARE Foueuprosess

segregatisl. ed for client-specific allocation or general
operational use. Labeling may be by use of sticker,
bar code, conbi nation, or qykenIreans of secure and
accurate identification.. Material allocation to batch

vat e&, fo? ey De Tassi gneo o specgeg&lﬂi% CHEb T tie

T S L
speci fic batch. Hléanugatﬁwgraé @g&g efied grogpetion
o? materials for |S5HuleMatstials lroelsddarHicnbapactic allocation
Mbdul e (Line) cl gF garesal qpp@@ea@weeu@bé&l&mﬁhe by use of
verification of qotekertbargndepepmhinasion, @xethér medns ofisécore

t o nodul e Modul e |@hdacamaeideetifitdtont he assi gnment of a

]

Matefialhdiduhtih to batchh | Materiglp gl be assigbdlte spdoh fachdteles ¢n the

and niiddu@cat i on pr eventstginitedldcipditd HBBTc BecstRing AVhiRbE,
to be executed in fASferrdSR HHRE RS fo?%@ﬁ@c‘%ﬁé Bétch. The
During processingpafQyt oPdFm% c@ﬁ&fe‘&ﬁ YRSl BYenPe
et ontcatty | 1 SRS bt ddh ' £ VIR g L iny learance

el ectronically in

el ectronic- batch PF°°88W8§S W@?tgggf)ﬁ?lbqugfg?g CGﬁFé’t
 EFDATA

controls are —gets On-m determ ned-to-control
Batchyglasationodpedids ng Medpnelsaranse Regmils thpansienmens ofaischeduled
events from i npad tbﬁﬁb to spreficpadile Ele@emmnihaltoshigersprevents
from nodul e At t hengntdhenbatchesor bperpeonsitd be ekevuted in the
nodul e, product i assigned module.

Processing During processing, routine and excursion events may be
predetermined by procedure and programmed
electronically in the central control module and electronic-
batch records where appropriate. The controls are
generally pre-determined to control normal processing
events and to prevent abnormal events from impacting
other modules. L

Batch release from module | At the end of a unit operation in a module, product is
transferred to its next unit operation. Upon completion of
transfer, the module is electronically released from the
batch and scheduled for cleaning. The cleaning and
inspection cycle is preferably required to be completed
prior to allowing the next batch to be allocated to the

module. A
WIP, Intermediates and Any materials removed from the modules for storage are
product storage to be placed in a sealed and labeled container.
Excursion Event Matrix In the event of an excursion that may have adverse

product quality impact, an excursion event/response plan
(Table IV) ensures adequate and timely assessment of the
occurrence and its impact.
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Surfagéecovery tine needed to unt ﬂlc’fa R FP@iTor ed - r each
Rupturgor mal |particle count, tenp, |dPemmpne pogessStafisfgse by case
Majormoni toff _status of Eval uate prlocess inpact -
ModubsGlevey Miase; moitorf sates ofupt ur|Evahmpeaprocess ippact base-by-case,
Ruptubpni t of riptereViepair bopatelgch nor|rdbnipairédoskry to reach normal particle
Minor continue as Active count, temp, and DP
Module Glove | Major — Inactive, Repair Transfer process fluids out of module, take
Rupture — offline and repair
Major Determine process status case by case
Minor Process | Minor — monitor status of Evaluate process impact case-by-case, Clean
Fluid Spill rupture, repair or patch, spill area using glove ports

continue as Active Clean vigorously at interbatch cleaning
Minor Minor — monitor status of Evaluate process impact case-by-case
Chemical rupture, repair or patch, Clean spill area using glove ports
Spill continue as Active Clean vigorously at interbatch cleaning
Major Process | Major — Inactive, Repair Transfer process fluids out of module
Fluid Spill Take offline and repair

Decontaminate

Major Module becomes Inactive, in | Transfer process fluids out of module
Chemical need of Repair Take offline and repair
Spill Decontaminate.
Module Door | Maintain positive differential | Continue processing
Open pressure, Module Active Evaluate and then collect and analyze

additional process samples

record event




Rupture - continue as Active count, tenp, and DP M nor
Modul e Maj or - Inactive, Repair Transfer process

wo baosdssoeait of nodul e, take Surface of fline apdr/usmas002985
Rupture - Determ ne procesgistatus case by case Mjor
Modul e J ove M nor - nonitor status of Eval uate
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Negativg ¢ i ¢ éve‘iﬁ'ﬁﬁqjeqﬁrr‘? $iue. as A:Fi"é‘éa‘&?mﬂe??‘f‘&?ﬁﬁ cagerhyopse,

Differgpiig]] e |gogtpnermmndule inagibve; ve | Qualhty and meniter escopery dimasneeded to

Pressyieyi ds |cunbigrt afipenhaustbigveers R pragh sorma phiticteecognt temp, and DP
repai r_|Nhined ofet er mi ne _proces$ status case by case

M nor Process Mnor - nonitor status of Eval uate

process i npact case-by-case, Cean Fluid Spill

rupture, repair ar,. patch, spi|l area using, glove, ports

c %Ef@b%‘ﬁ Rt o) thecieseat P eptogtoyngluds er-tipg gualify assurance
and CEIMBRbABlialde VRFi iR ircl él%&hroﬁfcaé Pl R et using a

process’ | npact case-by-cas em cal rupture,” repalr
contrgﬂemaliﬁbé éatglgse kystem e\at.hlmialifjecghpplieaqimistaﬁd Spidwlare
5 custogﬁgeféﬂqtlg %gecqﬁ&?r%%:tlic\é% 68 @i@?q\gc}cg?tro?d%ﬂﬁ ﬁ'@ﬁ%gé&t r%{élgrgitltfcsgals, equipment,
manuFAcRRSTgEEonffRERS SwbrkLih G ol in®drmBidiss CandFirdl ﬂro%{:jtlu :Tgis allows

Take offline and repair Decontam nate Major M
for a pepesieesssysieacwhigh capthrey elestonie dptade e sepositeryddlowing fof continuous,

« Ll e . ' . .of Repair_ Ta of fline and
ral T8 P AT BRI, SR Pl oo fltpoodura
comppiasde! i ARlitorallg) e tysadm GaytalddUaclpdO©F eghbity erate paper
.pressure, Mdule Active Evaluate and then collect and
10 versions of heeleclipiq 1eBRMS- process sanpl es record event WO
2005/ 076093 PCT/ US2005/ 002985 21 Event Response Range
Reffisordanglpit somaeaf ke elingsiystem compbaentpmey enstude\ekictratie materials

contr&Yf 9e65shil BRASGent Q&qfo?,ye'lgc%gic batch records, automated process controls,

real time automated monitoring of processing and environment inside the modules, real-time,

automated collection of batch and environmental data.

15 Online QA capabilities may be created to meet the requirements of 21 CFR Part 11
requirements and take into consideration the evolving expectations for software development
and validation. Real time quality assurance facilitates efficient assessment/evaluation of
batch disposition as data are acquired. Process excursions which may have adverse product

quality impact on a real time basis may be identified and assessed in a timely manner.

20 Data from the manufacturing process may be collected continuously and used to
control process equipment and determine batch sequencing permissions. The types of data

that are preferably continuously collected are detailed in Table V.

Table V: Continuously Collected Process Control Data

Material Transfer Typical Data Points
Lot Details Lot Status, Quantity, FIFO Status
Location Warehouse, shelf, rack number
Lot Completion Reconciliation




Differential containers, nodule inactive, Qualify and

nmoni tor recovery tine needed to Pressure anbient
wa@tdosnz@ahaust bl owers reach normal particle cBONUS2005/002985

tenp, and DP turned off Saee enbodi nents of the

present invention also include on-1line quallty

Analgﬁ&%}_‘@&%en%dbuvr’ compt ance et Il&b%tai)lgl%:lﬁ +Aetuding

data nmanagenent eRIH rolled and
r1||g| CH ca cvetam w t h

&d—dat-ab guali-fied-applications —

In-Progess Ratdwar e 5 CLPZH &'ﬁr@éaﬂ‘flty gﬁ@efﬁemrﬁp@m sudageampling,
enabl e dock-tao- Ci Ao IR BV raw nateri al s.

BatcheReleaseddata  man uf&oaqlwutlygpmgmqyo mepirgy prafilg-donegntetes s
i nt er redi-at es, dmhybicocdtlenpead dharticteridtics al lows for a
paper| ess system whi ch captures electronic data in a

repository allow ng for continuous, "real-time"
review and decision naking, resulting in quality

Batsh Exgewionnd prlocedur al conp"lfmlﬁ%}éj’amﬁdllntﬁ onal |y,

t h8rapgssingn nay gl so include a capability to generate
Batchplajietiofl @nd er si orLodhutnber askgatieot) saquestid cbstrol and status,
Execiiv@or di ngl y, soneoffmdnlis devihiidis, patamerst AP RRMbGirdsRY
Bill of Matdiih®s €l ect r oni fatiei&ificalisn, 1&9@ 4l dispsfifoh! ONI C
BatchdOGHpTeHon CONL T Of Cd?h;ﬂfaﬁ:l&é’%s&ssﬁx%qﬁ G OT US, aut omared

PIHULTSS bUIIl I UI S, I ©dl LT 1T AUt UlTa cu IIUIII L ot I Ilg UI
processing and environnent inside the nmodul es,
mreal -t automated col |l ection of batch and
Centr@%@? ﬁ?ﬂ“};ﬂ data. 15 Online QA capabl lities may be

created to neet th equi rengnts o
é&%ﬁtqoemt)geswmmi& batch f%s:ogﬁnaaa%%ra@nsrﬁtmaé’rwépw ¥OPs),
5 and ASRASLAIHANGe IiPbroB Rk ARYA] ORARN bnit 2THk Yo it Aows the

time quality assurance tates efficient
incorpsatessofentl/tenamonitorong anid cobaobdrf \dnspmmrmneuersaﬂ“ thimmnufactunng
are uire cess excur3|on
procedis o S48 Tpiisice TG Prerylor iR e vk Puba fEsisadre
contrdTRM ab&s ial @@liak hBAinAAChe ThMARSOH hiiMar efrbiTEEYaniPIEY YT sucl?—lgrocess
Data fromthe manufacturing process nay be collected
analyfe@hp@mnmtwgﬁ@scnb@cbm&ﬁblﬂﬁtro| process equi prent
: and determ ne batch sequenci ng perm ssions. The types
10 of data t hat Table Vir Efaeshiyalycal Tacloweddgyescol | ect ed
are detailed in Table V. Table V: Continuously

Proc&slQmetitiah Pr oceg Sypinal Data Madieoredvat eri al  Tr ansf er
Typical Data Pailnts lot Details lot Status, Quantity

ModplesO Status  LogModwe Vemperatuse Rebtize Hunrididk and Biféarential
Lot Conpl eti on R¥eesswe] Paticlo Cowis 2816 0X6@PBatches
Bior€4ciortJS2005/ 00298 Readdr Setpoiyits| Tehpdramte, Wpitation, &ud Flowrate,
Typi cal Data Poil pHs Dissolved Oxygen, Weight/ Volume/ Level, Pressure,
Consumables, Subsystem and System Status, Metrology,
Maintenance and Validation Status
Filtration Systems Pressure, Volume/ Weight/ Level, Flowrate, pH,
Conductivity, Consumables, Subsystem and System Status,
Metrology, Maintenance and Validation Status
Chromatography Systems | Pressure, Volume/ Weight/ Level, Flowrate, pH,
Conductivity, UV Wavelength, Consumables, Subsystem
and System Status, Metrology, Maintenance and Validation
Status
Filling Systems Pressure, Volume/ Weight/ Level, Flowrate, pH,
Conductivity, Consumables, Subsystem and System Status,
Metrology, Maintenance and Validation Status




Testing In-Process Data pH, Conductivity, bioburden,
endot oxi n, surface sanpling, TOC, A280, FTIR W
w@adosh7deed ease Data Bi oactivity, potency, i nmpurdt/ys2005/002985

profile, concentration, physicochen ca

characteristics Batch Execution/ Typical Data Points

Pr, ' ABat.eh. | nj &l ati t i gnpent ,

it e R Y (R R
embodinénad, iitaheuldienmdedstod ¢t nimsrous chyaries| ire@reatBig dnd@perating such

Material s Statys verjficatjon, usage and di sposition
systeras fRMEdREF BEY O 1@5949?? Wethoul departig fiom tbe i spirit of the
invenfigRt ral Control Module El ectronic process controls,

bat ch records, Standard Operating Procedures (SOPs), 5

and data capture may be incorporated into a centra

control unit. The control unit allows the

i ncorporation of real-tinme nonitoring and control of

vari ous paraneters of the manufacturing processes.

Such nmonitoring allows operator interaction with

mnimal intrusion into controlled areas as well as

m nimze the chance of human error. Exanpl es of such

process anal ytical conponents are described in Table

VI. 10 Table VI: Process Anal ytical Technol ogies

Process/ Qperation Typical Data Mnitored Mdul es

Modul e Tenperature, Relative Humdity and Differentia

Pressure, Particle Counts, Status, Active Batches

Bi oreactors Reactor Setpoints, Tenperature, Agitation,

Gas Flowate, pH, Dissolved Oxygen, Weight/ Vol une/

Level , Pressure, Consumables, Subsystem and System

Status, Metrol ogy, M ntenance and Validation Status

Filtration Systens Pressure, Volune/ Weight/ Level,

Flowrate, pH, Conductivity, Consumabl es, Subsystem

and System Status, Metrology, M ntenance and

Val i dation Status Chromatography Systens Pressure,

Vol une/ Wei ght/ Level, Flowate, pH,£ Conductivity, W

Wavel engt h, Consunabl es, Subsystem and System St at us,

Met r ol ogy, Mai ntenance and Validation



Status Filling Systens Pressure, Volune/ Weight/
Level, Flowate, pH, Conductivity, Consunabl es,

wenisysdoesn and System Status, Metrol ogy, Mi nPE€napmes/ 002985

and Validation Status WO 2005/ 076093 PCT/ US2005/ 002985
23 Having described the invention with reference to

Wectlen .presently preferred enbodinents, it should be

1.

tnder st ood that numerous changes in creating and

op‘gratl ng su tems d net hods may be introduced

- ﬁsﬂ?m%@éwfw? UBIRYREMPIP ¢ of ¢ he

i nvention. WO 2005/ 076093 PCT/ US2005/ 0 85 . 24 W

clai m 2 least ugdnesinle hayjing %WEM&P%Hagf‘Fgof@gxgémemmected with

CoNnpr i SinBher AlodhRaRterioH) %vh@]%ﬂ”h@ R ikt eRedr | L deiRlek gﬁei or more

capabl e of being i nteréonnected wth anot
| nt er [ mompnhenetqurfwnrab&abt@memp@nﬁ@task nth bxdmglme:hemical
nts ta.

e CRTROnE LR BPLCI S SRCLLODS SR A ko

manuf aGheduleBicRIdes& eSS, and wherein the at |east one
nmodul e i ncl udes: an on-board environnmental control

system for Ganfliflakd %lﬁﬁmeﬁﬁYéJﬁ%WteM&Qbﬂtr&pﬁ% an

nodul e; a connecti on means I nterconnecting
nodul e i nt ereneiromnérit withivotheemodubejul e i nterior; and a
central controller operating to at |east perform one

or nore of aaeanettionmmeans for Mdtercoiddcting telrhedillé terfodfvith
the operati.on of the system 2. The custom zabl e
manuf act ur i RgeEsEmedvlgiuenei #fl to claim 1, further
conpri sing an access for accessing the |nter|or of the
nmodul e. 3. mn@dwamlﬂm@amwqémtm@r@me@more of

according t %p&{aﬁblmngd in }f%}ﬁ{i{ﬁoﬁ_ﬁoﬁgﬁo ‘fo"}qﬁéc' %Re%{ [ Ssystem.

at | east one gl ove" por

uf act uri em accordin
c o REbRiZDR F T S B Fgéfasle igtgE pompgising an
Whic€dds fr@icéddsifp BIIAREILESE the moliiR. cust omi zabl e
manuf acturing system according to claim1l, wherein at

| g8 icustoM®zable manufacturing system according to claim 2, where in the access

comprises at least one glove port.

The customizable manufacturing system according to claim 1 further comprising a

plurality of modules at least a pair of which are interconnected.

The customizable manufacturing system according to claim 1, wherein at least some

of the components are disposable.

The customizable manufacturing system according to claim 1, wherein the
environmental control module comprises at least one of a heater, a refrigeration unit,

and an air-handling unit, a humidifier, and a dehumidifier.

The customizable manufacturing system according to claim 6, wherein the air-

handling unit includes an air inlet, an air exhaust and at least one fan unit.

The customizable manufacturing system according to claim 6, wherein the air-handler

further includes a filtration system.



of the conponents are di sposable. 6. The custom zabl e
manuf acturing system according to claim1l1l, wherein the

wepwsoopent al control nodul e conprises at | eaBtT/Us®09602985

10.

11.

12.

- 13.

14.

15.

16.

17.

18.

a heater, a refrigeration afit, and an air-handling

unit, a humdifier, and a dehumdifier. 7. The

Cu | .

B R A S S L P P Ll 9, bRl thhach of e
i ndieinletand airpudstiacisdescnatsctivefiktationgystan. unit. 8.

The custom zabl e manufacturing system according to

c| BhewuStomibable mantfactusing systéia hedordihg kd E18#m i1 NWhte@Sh@connection
filtration system WD 2005/076093 PCT/ US2005/ 002985

2 5MEANSFREPEISES 3 h§ast®icdPoRtanuf act uri ng syst em accor di ng

to claim7, wherein the each of the air inlet and air
outhegusionuizahle manufaetypag system faccardingito nlagydt eiereirdthe

The tom zabl e manuf act uri ng.syst.em accor di t

1RGO ThERR e EmPTE s Bl it PebiiPora SR .06 Sl Bkt gast one

| e@sduloasd #Sdcond Ednnedhiéh F3+560TbBRY 8ideRMHieafk 1451 1 module, and
system according to claim1l, wherein the connection

nednedipnrtiee a first port positioned on one side of

the at |east one nodule and a second connection port
orThe austoonzabls manufhctuting sitsteneasordimgetondainl B, wdreckin the
connecti on .tube. 12 The custom zahl nuf act ur i

oy OPERB R Rued B v 4 BB st roROY ircsond s
tuhe is int ge:al V}a’th.one of either th? first port or .

t escé‘é‘BHHZ% manuigefuring,systeqsacs g ioc sl fughes cpmgrising a

S WRARMAGHR s‘i‘:%&ghatv%%i @ddRaled JitiAnbgls sggtgﬂlrihﬁligﬁlggﬁgﬁrst duct for

manuf act uring space having a dedi cated air
s\sypRliyingradt tadhaaf least presmodule.tanfl arsecandpuict/fon gathering exhaust air

t | east. one ul and eco duct for .
oaron i 8 7%y AR FpORe Wiier 3 foch BT Bba: el sompegtion for
weatleofthe asspedive tairiinlet aidiegir éxhan@ ok edchGasdigst i on for
each of the respective air inlet and air exhaust of

el ciBidhiRblehflanufiRuitisdyfhZRbb i WAL 14 Wﬂgrefrg ﬁgﬁl‘g\v of

according to claim 13, wherein the Tlow of "supp
e¥heRly and pxhauptokilewpirom amet ddwnstesanemodulo tud mostupstream
st pPst ream nodul e. 15. The custom zabl e

rranudfuaét uring systemaccording to claim 13, further

C risin air. of .interconnected dul es, wherein_ .
¢ RER it Rleapaadtiing Bvstemaictoraingp ghim e butheecarppising 2
t pair OF itércomiévie@ mokdles WRerSMhOMoEAR vensHRAH nftScdutt i 802 high

system according to claim1, further conprising one
pressure than the other module.

The customizable manufacturing system according to claim 1, further comprising one
or more sensors for monitoring one or more conditions and/or parameters in the at

least one module.

The customizable manufacturing system according to claim 16, wherein the one or
more sensors monitor at least one of an air flow rate into the module, an air flow rate
out of the module, a temperature, a pressure, a humidity, and connection of one or

more components.

The customizable manufacturing system according to claim 1, further comprising a

laminar flow zone.



or nore sensors for nonitoring one or nore conditions
and/ or paraneters in the at |east one nodule. 17. The

we nesonioeabl e manuf act uri ng system accordi ng tBCTUS2005/002985

19.

20.

21.

22,

23.

24.

25.

26.

16, wherein the one or npre sensors nonitor at | east

one of an air flowrate into the nodule, an air flow

r at.e .0 ul. a.tenperature., a essur.e .
e B W R s By b ol B8 SERE R e o

18low hénecitslndes anadit Rowti b dawhWwaiddrestish.em according to
claim1l1, further conprising a l|amnar flow zone. WO

20}/ QéRRNIZbRGhAMIZAERNY Ha8dp acc%@diﬁ? to dl. 51%18 F’LWV\%&% 268t uSes are

manuf acturing system according to claim erein
t rselertedifrom thefgronp camistingiof: adesd ewltusg expahsion modale, a bioreactor

downyard djrection.. 20. .The custom zahl e nuf acturin
o S 2P moRyect oy S ePer A oA AP raphy Hodule, a
sejugicdig nQNMnbbeled @R priitt fiflingGnddule.a seed cul ture
expansi on nodul e, a bioreactor nodule, a filtration

”quwcﬁstoﬁ‘ﬁﬂbie‘%ﬁﬂufﬁ&ﬁﬁﬂ?ﬁ%té}@Qéblo?c}ingg‘togaﬁﬂf"ﬁmﬂﬁ El%/e at least one

nmodul e, a bulk drug fiTling nodul €] rug pro

f imédulgynaivdes @surgd.. The custoni zabl e manuf act uring

system according to claim1l1, wherein the at |east one
nithelcastomizabtbanamufsanging R2tenl ieorlitsd orolaiabl & wherein the at least
manuf act ur.i nl% %s)%zg em 3_ccor ding to claim16, wherein

t 98¢ JodpieJaeludes posensenfpenemkieblgaarticulatsswyjhin ghe module.

non-vi abl e particulates within the nodule. 23. The .
c Udie shstomiraplemaniactening sy§tesyaccerdingleslaimnly wherain therat least one

1, %ﬂl LBkl at | east one nodule is portable. 24. A
m rt . . . ; ;
nmet o?%g? operating a custom zabl e bi ophar maceuti cal

oA e e R PRI BSbem, e

beysiem compeisiagankRait@fe poithbla iidiRMaMBginenlefibedapable of being
wherein the nopdule interior includes one or nore

c SRS ARRActedr v thhanothar modulq iatesior.ovhereip dq mpdule sgriasfingjudes one
biyp ' ' J t] . . .

PP Ethporh T i 81600 IRLIRIB lopi gremic
maddrbepharmatanties manudavtlroay mhoeasy,i and wherdimthecn idastadne module

systemfor controlling an environnmenf wthjn the
RS o8 o ARl s SR RGPl SRR tos iekalifgan myvironment
MRgikithe MUl b cBhiddtioR HEhRESor e ekt Bl Mo MWinfrior with

central controller operating to at |east performone
oenothgrrmodile sysestaiiand a camteal icaftoel len pperatingiol at dastqrerfoon one or

t g’f“org B 5pae‘fét%r111 a%]a iﬁft&gng’t}/osﬁt c% ctgol?l or {ﬁ%tol?)grc'cjltigl? gp {hieséiysqgril, the

method comprising:

selecting one or more modules each for conducting one or more -

procedures for a manufacturing process;

Connecting the one or more modules to the central controller, wherein
the central controller operates to perform at least one of setup,

monitoring and control of the one or more modules.

The method according to claim 24, further comprising connecting the interiors of a

plurality of selected modules in a process order.

The method according to claim 24, wherein connecting comprises at least one of a

wired or wireless connection.



sel ecting one or nore nodul es each for conducting one
or nore procedures for a manufacturing process;
wEewsendopang t he one or nore nodul es to the cenk@BIUS2005/002985

controller, wherein the cemntral controller operates
to performat |east one of setup, nonitoring and
co - L I . .met hod

27, GoThe Mol bRt i 2l S TEOH (Bincchie cMBuiR al Ry gne of an
t hdegtritamndios dath canneptiom.al i ty of sel ected nodules in a
process order. 26. The nethod according to claim 24,

28. whEkenethedatweding o claiip 24 shghé@icohrising@t@hically Wid@fng each
or wireless connection. WO 2005/ 076093 )
Panpdie dymrerssyns a specificrbatqhylot pumherdon thempgratign: o
cl ai m 24, wherein connecting conprises at |east one of

29. anTheameibod pecording ¢ Jrim 24, fuctierceniprismg t@@sfefimg mgtinaidfluids into
accor dei ﬁg tQ gfeai m 24, further conprising
el BEPRSHT e dl Idy al l ocating each nodule for processing
a specific batgh/lot nunber for the operation. 29. The

30, re g Rt TeLiO8 LTRSS ClaFTH2h BUheR GarmisthE-egsranidaty racking raw

t raBefisls hhd'eorhsstehf @shsfdryli dS into a respective
nodul e. 30. The nethod according to claim24, further

c LS : 11C; ' L ri@l s _and.
st COMRILEAB,ELRRLE RIVER| b AR KhRBeS e TRAER, ol
24ipsthliationend assembiysofdjspeisatde canpasntsyand paddessiédiGpment.

installation and assenbly of di sposabl e conponents and

32. proeasshedaicordig to daAm J4) Furtd BOspASH E:Qﬁdiﬁtih%’ edh@tdPective
24, further conpr|3|nq conducti ng each respective

privegsss for grespestiveguedyle i apredeterminedimgneatet er mi ned
manner. 33. The method according to claim?24, further
33. corfheimsthey accanditgtordlain 39 Huthss eemprisingiansferting pravassed fluids

?gougpgﬁnrﬁr@i?&ghés}() ctm%&ﬁﬁes. 34. The net hod accordi ng

er conprising tracking the status of

0 or re dul es.. The net hod accqr.di to

4. oot bR o Taim Grrer SEMDARG ek B stitesad one or
MRtk enddlesa cust om zabl e bi ophar naceuti cal
manufacturing systemconprising: an interior capable

35. OTHeHERSPRBEAANLIS Mifn2ARIEREI ATRIME [ nteri or,
wherei-n the nodul e operates t0 perform at | east one

36. SREFbtdvte Po0&S Hdh1Nor & cHRSMIZAGE Bidphdrmaceutical manufacturing = .- .

system comprising:

an interior capable of interconnection with another module interior, wherein
the module operates to perform at least one specific procedure of a manufacturing

process;

an environmental control module for controlling an environment within the

module;
an air inlet;
an air outlet;

at least one connection port for interconnecting the module with another

module; and



process; an environmental control nodul e for
controlling an environnent within the nodule; an air

w0 nbstoze09RN air outlet; at | east one connecti OPCPUKL2005/002985
for interconnecting the nedul e with another nodul e;
and WO 2005/ 076093 PCT/ US2005/ 002985 28 an access for
accessing an interjior of
pr oces¥d? #FaH tjgr aqegssine 3 18£ QP{E% %dr%% ng{eﬁh {hlgﬁmcﬁss module

CRNh kRbtr&AOEEAMubRbtioRah &tcleﬁltlﬂﬂcoh@olpmntf@emtlahal tb perform at
one of setup, nonitoring, controlling, automting

t leastayme 0f sétam nednitoHagosreling, BHOHHNE f th %?Rprmla%t%%process
ilgglgltg{lhl g,laaglpgx?%li%g%lrﬁ%fe%{rgﬁlc bg{chtrgceon?]%g}' hife: module. A _

rmaceut’ cal acturing system
conpri si nuf act.urin ce havi n air
h érﬂﬂsﬁoﬁﬂzag’}%‘?@ﬁ erB’It“S% ‘a‘?’}@f s)yStemgCO%}ff A& {n? s econd
ai r handl i n system f?‘ﬁ handtl |trnag ust g i Iy i suppl
suppl yamanu a{iEing APAsEINAY g B 11 Teh Al AP 4B s T pvigips supply

| east ?ﬂ% édo}nﬁ [aﬁth'a ('ﬂm fnnﬁr haxﬁ@iﬁ 'eﬁﬂa\ﬁﬂﬁir QRe supply air
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at least one module of the plurality of modules includes an on-board
environmental control system for controlling an environment within
the module and a connection means for interconnecting the module

interior with another module interior; and

a central controller operating to at least perform one or more of operation and

information collection for the operation of at least one of the system and one

or more modules.



